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(57) Abstract: 

PROBLEM TO BE SOLVED: To stably manufacture a 
high-strength non-grain -oriented electromagnetic steel 
sheet which has a high tensile strength TS of 60 
kg/mm 2 or higher, abrasion resistance and a superior 
magnetic property of a magnetic flux density B50 of 1.60 
T or higher, by the use of on-line production system 
with the same easiness as in the manufacture of an 
ordinary electromagnetic steel sheet, for instance, in 
cold rolling. 

SOLUTION: This electromagnetic steel sheet includes, by 
mass%, 0.0040% or less C, 0.2-3.5% Si, 0.05-3.0% Mn, 
0.30% or less P, 0.0040% or less S, 2.50% or less Al, 
0.6-8.0% Cu, 0.0040% or less N, and a metallic phase 
consisting of Cu with diameters of 1 .0 ^m or less in the 
steel material. The manufacturing method is 
characterized by a heat treatment of holding it at a 
temperature of 450 to 720°C for 30 seconds or longer. 
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[It®] aat*T S#6 0 k g/mm 2 W±OA5*K 
IMEHflifcWU »3fc*(SB 5 0^1. 6 0 TW± 
cot Cix^«5a*tt«r*fa«xfcK5iK*^|fiIttK58a 

$gLTt>7^ v TSSjgi- gift 

m®&m si%t% c : o. 004 o%«t, s i 

: 0 . 2 - 3 . 5 %, M n : 0 . 0 5-3. 0 %, P : 
0. 3 0%JilT\ S : 0. 0 0 4 0%JSLT, A 1 : 2. 
5 0 %JEIT, Cu:0. 6-8. 0%, NI0. 004 
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uJ»»c>«r&&IKffiSr-S*i-4ii:S:*HRi:-r4K5fiK« 
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[ » it W * <r> & m } 

I Hi * m 1 1 ' 

|t%t, C : 0. 0 0 4 0 % W T , S i : 0 . 2-3. 5 % , M n : 0 . 05-3. 0 

94, P : 0.'3 0%'WT, S:0. 0 0 4 0 %JAT, A 1 : 2. 5 0 % la T\ C u : 0 . 

6-8. 0 % „ N : 0 . 0 0 4 0 %&T L , ftUF e & £ V^"fMtt^m.Vdfr b % 

tSiSMSt^f L < « ix M « « „ 
[ Iff * 31 2 ] 

8i%f, Hi:, Nb : 0. 0 2 % J£l T , T i : 0 . 010% J£ll T, BIO. 0 1 0 % 

AT, N i : 2 . 5 % Jil T , C r : 10. 0 %ttTO 1 li li 2 tW±S: t S ^ t 10 

Il*«3] 

I I % f , HC, Mo, W , S n , Sb, Mg, Ca, Ce, C o©liifcli2ltt 

± Sr & ft- -c o . 5 %&T-&iti- & z t iftmt-t & nntr&i f^(±2fe«o^M#i4o^ 

L < @E ti tz « & SB U o 
[ Iff * 5t 4 ] 

TWK«Wl*3ttK#£-f*Cu*<b$r4&«ffiO»:$Ka t 0. 2 ffl / m 3 W ± "C £> £ Iff 
* 51 1 - 3 Ov>rft*0£tcKtfOJK$t!|$19:0* t < BE ix tz m «8 Si « „ 

IE H m. <D % B ° B t£ <n ¥ #J it S 3 0 - 3 0 0 ^ m -C i> 2> m * 51 l - 4«vf Ji^OflUB 20 

[ Iff * « 6 ] 

if * 5i i - 3 <r> ir <7)tm ^tin<r> h ^ ^mm ^ b m^ui mm-r i mm ^ is 

X , 4 5 0 r ~ 7 2 0 tOfiK*-e3 OlJ'fllftJItiiteitff 1 iiiilffSttSia 

# t£ o =g l < mivtzmmmu^nm.^ -Ho 
i if * m 7 ] 

iEftfeli: L t , t^iMIIg<0 7 5 0'CW.±<Offlj£lt^t><Oi^S)jgglCj3V»-C4 5 
0 T) - 7 2 0lCO»Jgtt-e3 0&W±««Ft4 C i t«»tt4i*a6ie«<0«ftHtt 

I If * * 8 ] 30 

If * SI 6 $ tz It 7ie^c0^^31Oft> 8 0 0 *C £ 8 4 « SE * K 2 0 ffr 1J. ± « W L & ^ Z\ 

i m * m. 9 ] 

t^^ B D pi:i)lIt(0»ilIi:i ■)®Sffc&M3f£KKSf*trt$K#ft-r&±fc LtC u 
<b 0 . 21i/ / /m 3 &±T**.rfc«:#«i:1-.&lf!#Stl~3e> 

v»-f*t^o«jcia<Roai$cfiFtto*t < ® ft tz m m m m. • 

[ If * 51 1 0 ] 

f>^44Iffl(7)¥^iliO. 2 0 jU mJaTT&£Ci£#l!fct-f£lff*JSl-3, 9 O v> 

[ Iff * 5i 1 1 ] 

V ^ SB p° U in I \k <D & 9& m iz H >)®g1t»Mti:|S 0 B a t(7)¥KltS^ 3 0 - 3 0 0 ft m 
X**>Z d t ZH(f®.t1- 4|ff*5Cl - 3 , 9, iOOv>r*i**>SlKR*0>«E*C#tt<atrL 

[ If * 51 1 2 ] 

taaacinlftoijlit: i ») iSSIkifilf ft: i »?SI*trtg&oii;S0. l 0 M mix 
T»±i LTC u^^i-S^JRffiOSc^SE^l 0tt&±t::Jitn-t-4£i:***«fc1-*»;R 

5ti-3, 9-1 i<n^?ixfr<nmizmm<nm^$fte<7>mL<mntzw.mMWL<, 
im*m i 3 ] 

m%ush iztoT.&<7>m&m u <t o w ttitmAmiz «t 19 sissst 3 0 m p a ja±_h#i- 50 
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ti tz m m m « 0 
[ m * ji i 4 ] 

« $c p°p t- wit ilia «)«*fbi&toauj: *) m& <nmm& i . 1 « u ± u ma + 

it fc € ft §B tii a 

[ IS * JR 1 5 ] 

T , Jt8f wiilStftlESgo 7 5 ortt±Oi&£*£7j»<b<0<tiPi§@Ki3v>-C4 5 

Or - 7 0 0 r O J£ 1£ T~ CD if ® R# |W £ 3 0 0 # tt T t L > fO| 7 5 0 t^ii^SH 10 

«»:ftfiff4;t4<^gt4;tt:J: 0 m fv^ p°p ^ *D 1 1£ <^ © S (- ± *) « « fk i" 4 C 

I W*^ 1 6 ] 

»i> »lOftOtftiHIIgt? 7 5 0 r tt ± IC 2 0 » BL ± « J* L , * <r> & 7 5 OtH 
±OSJSi*^'b<0^±|]jieiCj3V»T4 5 7 0 0 < Cc9iBJ^i*-C*<7)i§ J gB#ffl£6 0 # tt 

Tt L , * <r> \k 7 5 0 , C*iex.4aa£*jl^«i#L'5rv»i t i:J; •)I*»q D pi:l)Dl*Oftja ! 

[ m * m i 7 ] 

it** 1-3, 9-1 4<7)v>f U(lig*J|l 5, 1 6 <D ^ 20 

•f it \Z IB ft O # ft (- <t •) fi it $ it * & IS tic Sr 4 5 0 *C - 7 0 0 t O SSitt* 3 0 f> tt 
1«#L f«l 7 0 0 t^iiSSSitC2 0#tt±#J#L&v^IfI£^-cm^g|5p o p£ 

til tCi [)t«»fpi:j)Dl«OiJili:j: i)«Rftt4; i: t t 4««#ttO 

I at * at i 8 ] 

IIEUiiJfttLt, I*OtH»n D B^«)lllIt<'3i»ii:« lt4ij&lIS*'f) 7 0 

octf oftsiiof^^ipast i ot/taii l , 4 5 or- 7 0 0 tostit 

t-3 0 # tt ± ffc # L , * (T> 7 0 0r£;@;L£SJg*£lC2 0#tt_kfS8FL£v>I@£^T 
m SR p d p t 1" £ ^ h ic <fc ijmflffiiBfciJDl&OlfcJ&SKJ: f)5SKfki-S-t^#mt-r^ 

[ 0 0 0 1 ] 

# §§ IK fi > « 3* K « ft SI #u ttUftaftl£^ffltt*8M#n=ft*>9, *aiSIlE«fflOfi:ft 
« , ^ojS^m^Kr-5iSOi©v^14#^^J;^«^MWSfflOiit^«1±^«itfw^14*t 

[ 0 0 0 2 ] 

t£ * , BIS*Si:S*SiiTv>fcllieftli, * * 1 0 75 r pm SSI? i 0 > n - 9 - ( 
IKt) ffl*t#tC(±«8$ix^«m»«^fflv^c,itT^^o «i£> 2 0-3 0 7? r pm 40 

toinaiiiii!j«s*;$iii C4D, n — ^ — ic *n *p s is 7> s . in«<D?ist 
f lloit i MlfoS ? #Pp11 t i i ; i < i o 1 1> 4 „ 

[ 0 0 0 3 ] 

at. mmammii*<r>m&±. mm-t- *> iz^nxmmm^mn-r h tz*> , * « » 1* *f »t 

[ 0 0 0 4 ] 

i'<o*jt*SiiTv>4 0 #K s :£lttl*#W : :fcltt2"ei±, S i 3r fi: & £5 * , £ 50 



JP 2004-84053 A 2004.3.18 



e> iz M n , Ni, Mo, C r 4' t" « S it f S 1 1 S » © 1 i i li 2 1 i J 1 1 ? /; ^ 
7 -TZmW t-t & Z H ! SI?ivTv>U ! , E 5£ B# tc 4£ Blf co H 4. A* H §§ 1" £ & ft ri* * •) 
, £ * 14 co f& T , ^ S *) CO f£ T £ {> *> 1" 4' t* & «F co <fc Hfe tS« * *) , Li 1 i N i M o , C 
relief tLrv^/:*i:|*tgi^ttlft^5o 
[ 0 0 0 5 ] 

£ <b IC , # ft jt it 3 -e It , 2 . 5 % tt ± co S i £ ^ * 1" & i§ II ^ e . B ^ ;g @ ft U J: *) & 
SiJSftt^lfiJttSi^^SSiti-^wt^gg^LTv^o ffc, H»jti4 fii, 2. 5%tt± 
(7)SS i m* 2 . 0%UT©iS iSITatrC:tUJ:i)JE®tt03fc#S:|g*it*H^L 
T v» 4 o £ ft <b CO « 5g (± M ft •? n -fc x jj* # gfc T* * 4 * U , 9ftO«fig$l«?>fi&t9:flt 
tliSilt I t\ If WCtlt^ I t A ? ILv>tf x. f>n^o 10 
[ 0 0 0 6 ] 

tt ± co «fc o 4H»7c3Ru«t&Sftfb*»ffli'4 UTii, s8*4fttoiB3i»<b(i*«6«jui&fa 
if SS^tTLt Li t ^*S>S«(7)If f-g^K 4 f» ^#4-w 0 i fc , gSM 
«Offi*f,t*RD!li:aiSraiftLTLI ^fc*, £5 9fe & fb co * T" (± 4f i L v> K ffi > $k 
«A s i#UU o t v» -? W H jJ* * * o 
[ 0 0 0 7 ] 

#cot^^$S B H H a^co|^ffl^^^LTSIf^*^Maco|i*A^(±j8l^!|ftt^^MI:$-«±T 
LSto £co«fc^K, ^SlSlIltt-ii***! fc $ ft& «i-ro«^#1±^K*u*ft 
LTLii:i* ! *|fi!)i55iiiotV'J„ 20 
[ 0 0 0 8 ] 

4* U > « A & <i co ft «B lb * «f ffi ^7 I- «t 19 54 f t L fc # f4 T (i , ^ - * - ft fc- co « j?C *t fc L 
TSnX1-*|^tcSI«U#A$ft4*nX^S:l!fe*-r4fe*O^JRi)«t« (SRA) 1ST", 

-e- co a £ « # * t- ig § * m B e a a m co m. * ib * , #f m » co a * ft * « tt * £ fc t- # -r\ » 

S<?)fiT#eitL$T„ S fc , iSSj&K^cotefflli^g&tt^coJinXBt, # u W Wf X 8 t= 
fcv>T&acDJg«£JiL*!>*dtU m$C»W^>«S3^ h«r±#S-*&5BK 

t ft i> o 

[ 0 0 0 9 ] 

[#»5:ti] 

1 - 1 6 2 7 4 8 ^41 30 

[#ffp*it 2 ] 

#HB 6 1 - 8 4 3 6 Of&f 
3 ] 

#S«g 6 1 - 8 7 8 4 8 f 

[**tt:*:iR 4 ] 

#lf 8-4 1 6 0 1 & « 
[0010] 

[ #§ ® ft l ± ? fc i- h r a ] 

d co J: ? K , *5ftSo*«il«(cov»T#<oJi** t ft$ffCv»&*«, & S ft SK & 1# tt ft 
l§Loo, i§#om«fl|««ii«l:«|fcfflv*T, I*tt»:$gLT»lt4i-et:i!oT 40 

i«4vtv'9«))! , *it*j ( * fc , s *c gfl *t ^ co in i M u fx ft ft ^. s ^ •) it x m -e 
co^gib^. «^SKM^-co5t)DXB#co#aco]8^ftt-co^$ft^|fS4>^v^ 0 
[ 0 0 1 1 ] 

fit?S* (TS) 6 0 k g/tnm 2 ± O W » K T , Bt^fttt^*1-^»i:i: 

it:, 58SfS (B5 0) 7» r 1 . 6 0Ttt±cogEft^m^#tt£*Efcffi;i^?l5S&jgAt^fr 
ttS^««, «x.<f*nE3Sttftfa#0«««|«i:SEte*£tft<, $^LT^>7^ 
>r-Silt-5 i i ^ I tic 
[0012] 

t tz m «k tc , s^:si5*tco3trax75 ? ^Ti-^>tT-iiit^cB<j$fc®r*. m§c«*t^oinimor*jiQ. 

SICJ:t9S!S^bL, **»«-tLT«ffl-J-4PRt:(iffiai«*sJ:O f »*l6ttft^«>4*tt*t 50 
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[00131 

*%iH(i±IBKH*.l»ft-t-*fc*(-*$iifcto-e*i) . * <o K & li T o t H •) T- * a 

o 

[0014] 

(1) fifi%T", C:0. 0 0 4 0 % W. T > SilO. 2-3. 5 % , M n : 0 . 0 5- 
3 . 0 % > P : 0 . 3 0 % iil T > S : 0 . 0 0 4 0 % V\ T , A I : 2 . 5 0 %HT, C u 
: 0 . 6-8. 0 % , N : 0 . 0040 %ttT$-t*L> ^aFeiSiy'^nrifi^ltiil 

^ "b * 0 , rt» o , I#rt«i:ISl . 0 ^mtlTOC u^ibi^ilfflttttaci:* 10 

[0015] 

(2) fi fi % X , £ <b , Nb:0. 0 2%flT, T i :0. 0 1 0 %£IT, B:0. 0 
1 0 % £L T , N i : 2 . 5 % J£l T , C r : 10. 0 %&TO 1 li tli 2 ittii^tt 
*wt*1*«fci--5 (1) »c|B*0«$t!|fttOl : U<«fL^:Klgj|Hg 0 

[0016] 

(3) g fi % X , ? t. I: , Mo, W, S n , Sb, Mg, Ca, Ce, C o O 1 1 i li 
2ltl±^^ft-e0. 5%ttT^tti;ii:1flit4 (1) * tz it (2) IB « <0 $S & 

»tto*L<«<ifc*«ai*. 

[0017] 20 

(4) lftKii#rtttU3F£-t*Cu7j»c>fc&&«fflOft#JE7»*0. 2i/^m 3 W ± 

(i) - (3) <D^i*ixfr<ni%tztzm.<n&&fttev>mL<mixfzmmmffi. 0 

[0018] 

(5) ffi$ZMU<7)mM,*l<7)¥-i%W.'&& 3 0 - 3 0 0 M mX *> Z> (1) - (4) 60 v> -J* *l 
<z>#KK«tf>SBSC#140*l, < flE ft * « * « «, 

[00 1 9 ] 

(6) (i) - (3) ov»rft3j»o^uiB«o*fl-^f>**iii*j-^c>«a««r«i36i-*a 

g IC j3 V> T , 4 5 0 *C - 7 2 0 t: 60 *S Jg i£ T 3 0#W±^#-r-5^MS«-ffoCli:^#® 
[ 0 0 2 0 ] 30 

(7) fltrie^^atLr, ft»jfc&3ieo7 5 0t&±oiia^5&»»btf>*fr3JifteK;i3v» 

T450t-720tOfiSi*T3 0 #£l±§#t 4 i 4: * t t S (6) IE « <D itg ^ 
[ 0 0 2 1 ] 

(8) (6) itzlt (7) iE«co&j&36D7£, 8 0 0 t ^ S i * S« ^ l: 2 0 W ±ffi» 
[ 0 0 2 2 ] 

C u 3i» <b £ S ^JSfficO^c^ffiTj* 0 . 2iH/^m 3 Ja±T**;:fc*r#«i:-r* (1) - 
[ 0 0 2 3 ] 

(1 0) * ft » nl »n I & o J» * a u J: i)MffcJ!fc»3&KRill#F , 3«K#tti-*£i: l 
TC u^ibii&IffiOf i&tiO. 2 0 /< mttT-e*4 I i *«fti t4 (1) - (3 
) , (9) Ov>rfta»0*Kfc*0«5t#ttO*L<«ftfcW«3l«o 

[ 0 0 2 4 ] 

(i i ) « % sis B °p *n x ft <7> & a a (c «t i) a fi f b & a a ft u *& Ji *s <o ¥ *& « s a* 3 o - 3 

0 0 ,< mf t ^#tt (1) - (3) , (9) , (10) 60 V> -f ix t5> 60 T% iZ f£ 

«60JES^#1460^L<ffift^mm»1«o 
[ 0 0 2 5 ] 

(12) l^g|ip a pi:SDItO»aii:J: 0 f f j^felU t C J: >)I#rt^Wig0. 1 50 
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0 ft m&T <0£ b LTC u b % & & m 1B <?> 1 0 tJ-UCiit 4 C t *1f » t 
■t * (l) - (3) , (9) - (l l) ov»-rfis&»«>3lUE*0>«ai8i L < 9ttii£ 

[0026]" 

(i 3 ) m ^ « p d p k *n x $ o ffii « a u <t •) a k ft » & a k <t •) 51 m a s ** 3 0 m p a « 

±±#t*;t*Hii:t* (1) - (3) , (9) - (12) Ot>f n*»««t:Ei«) 
8 * » tt O * L < BE ft « ESS fN « . 
[ 0 0 2 7 ] 

(14) m 51 a k *n x & o » 50= a 1- 1 <o m s ft st & a u <t <o m n <r> m m # 1 . i»nk± 
iz ttm-t & c t z&Wl t -t & ( 1 ) - ( 3 ) , ( 9 ) - (13) e>v>i**i4>«>gtue4ft4) 10 

iS^ilflico^L < 81 ft * 8 jR £ o 
[ 0 0 2 8 ] 

(1 5 ) ( 1 ) - ( 3 ) <n^?ixfr<n&\z&WL<ni£ftfrb%&mtffrhm&u*m&-$-2> 

m. a IZ is v> T , ^2§it&O^MIfIT-f±JiffiS§fJe<7) 7 5 OtJa±tf>ffiRi*J&* U 
*v>T4 5 0 OrtOjaSiST-cOifgBfK^S 0 OtfiTU, -t O & 7 5 0 t ^ 

K ft -r -5 £ £ *#gth1-^.m^:#f±<7)l : t< «ftfc*«Sl«0«i6:£ifco 
[ 0 0 2 9 ] 

(16) mm. i^iot wt^iaiisf 7 5 ot;tt±i:2 o#a±§st, ^ 7 

5 0rW±<^j£i£^^<75#£|]}®at-.fev>T4 5 0 *C - 7 0 0 COllt«"C©i9fif|ll* 20 

6 OtfiTt L , ^17 5 Ot*jBx..&ffl««t::«#L«:v»ifcKJ: 0 S^Sfn CSPI 

ft i-*c:t*&mi:1-* (15) f£« O fig # t£ <r> m L < flE ft « 

[ 0 0 3 0 ] 

(17) (i) - (3) , (9) - (i4) <d v» n #> kz te m <n m m m « * , l < ( 

1 5) , (1 6) Ov>f fi!»>|:jEtO*ai:J: ■3»ii$ftfcmiB»HR«:4 5 0 0 
r<DSIitt-3 0t>'Ji±§«pL, O f& 7 0 0t;£ig;l£iSJ£i?£tC2 0#W±f#L^v> 
IIH^tl^Sfptt^: i) lM3B D »i:Joit«lfeIi: i 9 m ® ft 1" * z. b £ 

[ 0 0 3 1 ] 30 

(i 8) mrf5MJS?jy££L-c, fa«<z>*a»,&^oinx&or*te3t::fctt 
?j» <b 7 o o tito^aiaiofft^ipats: 1 ot/tait l , 4 5 or - 7 0 or 

<0 i& J£ T* 3 0 ffrtt ± # J$ L , fO| 7 0 0"Ct@x4SS«i:2 0 #fl,±S# Li v>I 
S?:^tl«SC 0 a pttl.lti:«t 0 « M n n n K *P I f£ <0 & & 3g l- £ ft 

Riti (i 7) E«o«s$c!»tto*L<«ft^:msafPi«otia^feo 

[ 0 0 3 2 ] 

I n w <r> n m <n m m ] 

* S& W # <b li , l»EB«il)St'<< i**KLttWS:tfeTi SP *> * 3& B;§(i , c : 
0. 0 0 4 0 %HT, SilO. 5-3. 5 % , M n : 0 . 05-3. 0%, P:0. 3 

0 % &. T , S:0. 0040% WT, Al : 2 . 5 0 % JU T , C u : 0 . 6-8. 0%, 40 
N : 0. 0 0 4 0 %JHT**tt*«ttT*oT, iBfiattS:««Ht$-±&v»J:?*«i6 

b5r*tg;tit4<$ilLfc8a»ai:J: •iKSllS-Pi'oaHftttwtCii 
^lilS^HS & O T' & & 0 
[ 0 0 3 3 ] 

1 tz , * §§ |g (i % ft a « ft £ ft ffl ft $ * r o « B£ Br * £ O h 9 7* * £ £ C ta v» * te L 
Ifl^ft&ig-C, «BSSi«OSSljiiiaT-l±m«B'5r±£ L t C u 4 4 iJSffi^itrt t: 

(5 1 a. £r^j*;^-^r-r, w.MW&^nmjimn&.mm&m.-e&m* t uc u e> & * & 
mtt£ mmmm.i*uz3Lf&2-£ z z t iz £ n . m$c« n , &^«>injm*K&ff*tniitt** t , 

rt- o S $C SB p D n t L T O f5 m B# U ® K tJ» o 14 * ? B. «F £ ^^«SSiii«^f#^ ^><75T"*^> 50 
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[ 0 0 3 4 ] 

% -r , # % w k «t *«aia*aE«!«oftfl'iajsccov>rttiHi-4o 

[ 0 0 3 5 ]" 

Cl±E8^4#14£#fl:$-*ao-eO. 0 0 4 0 %HTtti. ^7-/©gHitliRia$ 
i)aKv»C«:-&*r$-£T£§, zi -i )V h L tzfevmfitj&iOtlZ £ i) 0. 0 0 4 0 
%HTifC ^MU £ t <> pT tl -C * * o S8 it 3 * h co If jft ?J> <b li it ^ s r ffi£ *' * R fS 
IC i <9 CfitftMLtiS < .1 t^WflJ-C, 0 . 0 0 2 0 %ftTt tixIfiSiM^i* 
m L < , £ 5A K ft O tz * U Js* ft 4* * O # £ m Vr Hi m £ M v» 4 v> # #§ 93 $g u £ v> X li 0 . 0 
01 5%tti:i4 , S6UffiU>, 10 
[ 0 0 3 6 ] 

S il±f*OH*jSffi4:fcie>TiR*8fc4rj*ibL, f£ » £ f£ T L to 4 i: £: t tc , t/t 5R ^) ^ ^ 

* 4 j»» , S *D * * T 0 . 2 % * jft -C* li * <D W * W >b $ v> 0 f& S i SB T* li IS <D life it t IS £ ^ ^ 

t)5*pri6t*4fc»!>*ftSS:ait4^ V ? h li^?v»)tft, 9 i L < li 1 . 0 % 
&J:, J6l:ffU(li2. 0%tt±S i Sr^tt 4 « i t 4 . it 3. 5 % «r jfi 

xStilSrlft ft $t>i:|!p D pO«*tK*ffi:T§*4fcft3. 5%JlTtt4„ 

[ 0 0 3 7 ] 

M n li fH CO 5j£ JS £ A to S * » & fit) K L T <> i v> t5 s , ASaKftO^t-S^Ut US 
ffltl ffi ^ Sffl t 4 $«iifl± C (?) g t * i: litf C^S i L ^ ^„ @ * i£ fit * M to 20 

* fc li m it *to i «. Jz it £ A *i £ ft * flg it f « £ § W T- j£ Sd f * 

^ ? m m 4 & in li m jk a? se * f& t $ * <o x > o . 05-3. 0 % t -r z> „ # s l < i± 0 . 

5 % - 1 . 2 % t* * * o 

[ 0 0 3 8 ] 

pitRmit)Z&tb2>$ijm<7)mL^^7tm-e$>z>i)^ ±m<r>M n t mm. *&wmxit*>z.x 

m *D -t i> St S li 4 v> o 0 . 3%*iS^*tifeib* t *L<, If fiilllt^lS, * 21 « co 

% a a* m m k 4 * t * , ± m. z 0 . 3 o%tt^« 

[ 0 0 3 9 ] 

SI±**W*-e^3l07C*-eab4C u tm<kL% < C u«cft&*J&j£L#569!-em5?4:4 

4 C u i±fttt4^*««f JSf »i:«l*RIJLaifc»$*ftT$*4#^* f JbS 0 30 

* tz ss. bs; $ n t % it » ii m % m 1± > # i- f* a * * ft $ * m & * ? * ^ <n x , s o -s- * * i* 

"C § 4 It f& v> 3 t ^ §f i L < , 0 . 0 0 4 0 %£lTtitt4<, fflKliO. 0 0 2 

0 % JEl T > $ ?> \z <tf i L < li 0 . 0 0 1 0%ttTT*4. 
[ 0 0 4 0 ] 

A 1 lia*, K R S"J t L T ^ JEm $ ti Z> s A 1 <r> m SO 5r n x. S i ICJ: K?l?rI4 i i: t 

"T i t* ^ 4 o A 1 1A* 0. 0 0 5 %8tftTOS i M & M X It A 1 NMULiv^ftft 

a*6«tia*U4. jtcitwci^uiLA 1 n o a. tc f t * fs m -r * t t t u ® * }g 

t/t if SD K i I) ft » S: f& m $ * 4 C t i> X § 4 ?&* , 2 . 5 0 % * jg x. 4 t life f t rt f PpI JB I- 4 4 
t nb , 2 . 50%ftTttJo 
[ 0 0 4 1 ] 40 
C u li ^ f& lit li S <D jt m X h Z> „ li^^lcC u «r±ft:t-f-S&JRffl*^)fi$-^ig§C«p 
tt IC S * # * S. I? $ 4 *E H -e A ?* * ft * 0 4 * (0 fg H t L T 0 . 6 - 8 . 0 % IC m 5e 
t 4 o 9 i L < li 0 . 8 - 4 . 0 %tab4„ C u «tt i#'fiv> t iS3iSfl:i#^/jx $ < 

6 h t t t> ic a sft & ft ^ * * # * * o *ft a 4k # ** $fe gg ee u pi 5£ $ *t , « it * ft o « 
a, 4i««oaftiit*^$ < 44, * t, c uo-^t i^^v^i^ftt^of s as^: 

§ < 4 ()#Uftffico±#75 s ^L < 44 0 #lc«^xo@v#IS*@x.t53-coC u ti@v§C u t 
LTA?i«ftl-S#-f4 tOO*iW^«)±IW?*JC u^««tcJt«LT«i*5&*JK< 

, t tzm%.&&# it~*<D mm i> ±% < % z o t tz, mm* c u ammmK t ^ x am t % 
^nm^id^xm^iz^mmmmL, m *. if , »5£ + 4^ic*ffl-cit«a«)a*4Cu^ 

Iffi^IStSt*, -ecof*co^ffl^^^+icof^^U« 1 fL<4v>«§^Ltf), 56 $C «f 50 
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14 1= m. &® * s. i? -t m -k i> $> & „ # u # * l ^ m. m it 1 . o - 2 . 8 % -C * a „ 

[ 0 0 4 2 ] 

N(±C fcfflfllUlBaiStefc* ft $-£40-^0. 0 0 4 0 %WTCSIStS, S f t & U .fc 4 
5SK±#Sr*fifL4'v>*HWfi-C(ifi^(if»*L<, 0 . 0 0 2 7 %ttTi tftlfl* 
# 14 (i ft (- & £F t 4; * o 
[ 0 0 4 3 ] 

m aa?ii4«itT?a4 < ag ^ ft e k & ft & e> -r « # * £ s tar -r £ * , * % w -e (± & s 

^ H#itHHtt*fl:t«)tiJtV i *i!)Nb 1 Ti, B, Ni, C r«lUfcli2| 10 

a ± z mm-t & & , -e- <r> ?ss m a it , n b : o . o 2 %wt, t i : 0 . 0 1 o%at, b 

:0. 0 1 0%flT, N i : 2. 5 % & T , C r : 1 0 . 0%ftT8titi. N 

i it*§kwm-c-&m7tm-e & c u ic «t zf&mnonmmx ( c u ^ r ) <o n it u w v 

[ 0 0 4 4 ] 

BI±g B H B t#i:«WL, P O # 11 flf ic «fc h Hfe 1b * n M i" 4 a * a* * 4 ** > # §§ |g IS t (i 

% * o b » 5fi it ± 1$ <7) n si js « isi « «o i o iz Hi it ** ft tc w s £ it ft «b ft v> c t ^ <b c <o 

l»TO«t0lll5Tli4:v> o tr L%I»Bi: i4*^at^O»tUJ: 0 M ® 8t £ fa 
±S-^4§»-caSiJP-t4o 0. Ol0%*j@x.^i:« : t<Bfe1b1-4 7l:i6,±K*O. 0 1 
0 % t + 4 o 20 
[ 0 0 4 5 ] 

Nb^ i^T i liSStflltft, flfb&ifcii«fbfc*ott*Hfc*rffi&£»jaL» K 3ft 

ft ib u * 3fr 4; tc m t* ti * -s. m n# i- « % ft 14 , ft iz m m * m m u % 1b £ & o *s at & 1b o 
± * #s t l r « an a & , mitv>)^ z mm L%^*&mm-ci*tt l % * # * 7c * t ft & 

o :o^6±i^-?-ft?ii0. 0 1 0%hti, ffiUliO. 0 0 5 0 % AT, $ c 
ff t L < (± 0 . 0 0 3 0 % \>X T T- , A «F ft ft ft «: » 4 i t pf HI t & 4 0 
[ 0 0 4 6 ] 

N i ^If£-I%f f*JC ui: i^iSHoSIift (Cu-^y*) »l»jht:tS(i 

$c # 14 ^ <t> as » * ^ it wl m $ < , o ^ ?* js fb <> a * e * h ti *> tz *> % si m m e m 30 
ft iifffl?ni:t##v>stt*^„ i/;, » ± 14 <o f&] ± \z t ^ -c * -s , ?^ Sn 3 

[ 0 0 4 7 ] 

Cr(±iWA140[fi]±^, i^®^«c-C-<75^^;#14[S]±0 7l:*^ijn$^47C«-C*4* J . ^ It 
i)iiP^ b^^^#14-OSSf$#^#x.±|?l^ 1 0. 0 % t -f 2> Z t tfft i U> 0 
[ 0 0 4 8 ] 

S 7t , <€• <D fife co {R * tE « I- o x It , «;5^'^^7-y^ , fttr55»'b^nrfllWU-S-*ix*e* 

&Oftl7C*i:ov>TO^iir8fl!l4*tIIHt, # x * t t 0. 0 0 5 %«T8«t* 

Z> 75* , # * ft B M -C 0 . 0 1%«KJ£H±K^ta-r*dfc75*Wffi"e*4o 3*1* 40 

•^KI^:#14<0*^-^V^^(bM o , W, Sn, Sb, Mg, Ca, Ce, C o <T> 1 W. * tz it 

[ 0 0 4 9 ] 

, ov^fftraffl, ^5£«7^$€> <%P^JE5i^ ft±ft«4 t'^Iif lUiiio Z ix h cy 

jimizmttem&mvmj&^i&i&txm* zzmz z t i>*&w<Dmm*is!bm% j ) t^t? 

I±ftv^ 0 i/:, a^<75XST-lift<.%^ilHSt~J:4* ; ^<7)^3t^^®Xg^*B&i-4^ 
[ 0 0 5 0 ] 
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* m x h h o * ti it , m p d b W. * at jg -r * & s \z a v» r , 4 5 0 x - 7 2 0 x o ?a k *s -e 3 

0 # U ± ft W V 2> £ £ \z £> £ o S <b U , f oft8 0 0 t*8x.4as*i:2 0&tt±fi» 
[ 0 0 5 1 ]. 

ttlOiiilgJgJCfCS^, ^ ^ X £ 4 & ^ Jg U £ v> T # fit Ift & C u ffe * ffl 

fc&«ffio&j£fc*iftLfcv>«iit<ojfc&«&tt«:iifc*£-, iiitc u o * i± % ft fig 

7> ! fi<^m#14^fb^J** J ^:#^H^c u i f: l± C u fife ft © t UfttKilciJ, 
[ 0 0 5 2 ] 

£ <o m a X S * g fc ft (4 §@ *t & A 3ft * it + 4 o , -oftfelIgliElIg(Ofli:fT 10 

^ o ft £ ft It * ir fife o g W X <j& 5 t 
jg 14 tf> II jft ri» <b 14 * f "J T- * 4 o 1- & *> *> , ^ISIl«t-*iilf^HESt^)t^»ll 

0*fr*P«et-i3v>T4 5 7 2 0T;offlfiEi*-C3 0 #fil±§# t S I t i s 4f i L v> „ 

[ 0 0 5 3 ] 

* , § m t -? & # 1± & 4r 4 o t ii $ h \z m & a * j D x. 4 - t & $> z> #\ f <^*^, 8 

0 0 tS-fixilSti: 2 0#fel±«#Liv>iTi;t*:H s !f i Lv>„ » JK L< 14 
[ 0 0 5 4 ] 20 

* #§ ii $ a & «i « m it iz 4 2, m it * m m l x v» * v» o -e , is * * rr *> & § > * - 9 - '% 

& iz M If £ ^ iz m- iz m A $ ti 4 M £ H m £ , b° b *£ £ j£ ft $ 4 £ t X Jj& 14 <7> 0 « 

•l6l±*04fcie>OSRA ( S JR 0 ft It ) * Jfc L T *> 3ft a? tf> * ft a* /h £ v> 0 
[ 0 0 5 5 ] 

4 tf m » b°p t= *n i l ^ o » ja a ja m tc 43 v> t , 4 5 0 r - 7 0 otois*to«jf 

R#P B 1Jo4 0 f -e<7)^<7)»imK^ftlJ^li-4 £ tTiSo 
[ 0 0 5 6 ] 

•T ft *> , t»«4D0HIT*i, Sfig««*S^g|5p a BtLTflJffli-4^«!)Ofl-*>jft# 30 

i^gf Wftli^ J: ff^lt^^iflSt^^^WSllCo^t, 7 5 0 t:Jil±<7>raK 
i*tf»ibtf>ifrsjjieuutt*4 5 or - 7 0 OrcoaJSl^TOifgBtP^^^.^ 3 0 0 #ifc 
(4 6 0 #HTi L , -t O m 7 5 0 t g x. 4 L ^ ^ J: t Ct4 Cl t^if i L 

V» o 

[ 0 0 5 7 ] 

t T * R ft 14 . SiISi:o^t©ftlftiHIIgf*5, «?^IB«*m^;SI5p n pi:L 
T-3 0 ® iik ± f* # L > -5- ^ fife 7 0 0 t&ix.^fiS«i:«#L4v>J: ^^fel^ff'ii 

:ttitt|j 0 £ o «t «t a i l )S5?a-e<7)» : ©atz5i^M^^-iniifiTMT^t'tL4* 40 

£-1-14 4 5 0"C~- 7 0 0 tWIS^tOiSfifCIJiO 7 0 0"C*T-<0^±PiaS(7)^F^^ 
iPiiS^l 0t/#tt±tt5^t7l s ffi L<, $«btC« 1 *L<i4 5 0 0t:-6 5 oro 

iaKitT-^f*^{cs^,flfrc7)6 5 ort-eco^ipaeo^^^ipisis* 1 ot/»£i±tt 
4 0 £o»aattiDii*{-*t«-rtuitiatcRLT#x$^fc5i*isfe*-r4 sw-effiba 

4v»t>i>4Si?l0«fe«xeo*fll3aS-C*$fL*£t35*^ett<O«#.3»»'9f±Sfi L < , 4 

5 7 0 0X^?aK*T*<7)f*#4CM4BfrcO7 0 0XtlX<75*^SIJ31rS*4J4O f '?-<oa 
K it -e O ft Jf B# W {4 S <7) 1^ * iJ 4 O' It B B B S <0 $L m t v» 9 H Jft J5» <b O * * 5e 1" 4 £ t IP X § 

> *&W<7>®&izf% L M <b %m £ 7k i" i> <n x it % v» „ 

[ 0 0 5 8 ] 
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?5* $i $ #J t- B £ ft 58 5l # 14 £ (5 A. f fil & fc> i"* ® K ft £ El & C tA'f^. * Hj £g (i 

k ft o ^ * o & a tc x n si ai ?a s 75* 3 o m p a w ± ± #?. t tz u m ?5* 1 • 1 mvx± 
it *p -r i> i> <o 4- n m t -t h o 5* s. t tz it m %t ± # a* - ft jgi t <r> *> <r> it m & a «r tc 1- r* t- ® 

S ft £ ft T v* & £ « (2 Ift & m t- <t -5. ?£ ft h6 t5* & t 4i*tJiiti>iv>;H ! f 

o ft & a m u i- ti: 5S S ft $ ft r v> * j# u (i - * - SB n °p ^ o ft ft ■* in I t5* m t» «■ «■ t- 

g ft L & v> £• J± <r> m <r> * - 9 - t LTOttfflt«)as*«^JEtS - t t & 19 * 51 W O 
S ft t5* it £ ft & v» o J:«J»iLv»a**l#4UJi»« ! auJ:4 5l5R5SK<iO±#-C6 0 M 
Pa mmmUa-C I . 2fttl±, ?e>i:#U<li3IK»ltO±#t?100MPa 

BL±,«Mtii-ei.3flFfii±fci-*. 10 

1 0 0 5 9 ] 

*!6W^ftiJffllLTv^^Jgffi<7)^^«-TgiifeL^v»a#<7)|*&a^f^?:^^: ffl 

mftii x c> r itm^z fc&x- z z fzif <7>&mtt<r> &f&&m £ z m & i> $> *> & . mmttzc 
u <o ± ¥ (i a ft m a* & < g a & 14 o # ft % * a* * * v> @ & c u it«c u « ft « s i± k 

gO. 2 ^ mUJL±<03fi^:ft^JPiffl4: LT#tt4:i:i:S;4, 
[ 0 0 6 0 1 

y. ± <9 J: o K tT2 >& £ ft 4 # R ffl (i ± i: LTC u*>c»«:4, .2 ft l± m » «g & <7> El W ^ 
*->*tttt*ftfcX*##r«S4tT|B|£#?ri&^**o t *> * A-ft^53-#r 4 £ ft W 

ISI± 1 . 0//mttTtt4, - ft ± T (± £5 S£ Jg f t O $b 2$ t5* m L < ft T L , ^ * O ^ « 20 

ffl a* s t & * fc * si % 1* ^ o m m m &± § < ^ ^ o & si js ft ^ t m 1± o m * 

"b , lOtiliO. 5 O^mfilTitiii^tft L<, ?f>i:»i UliO. 2 0 ^ m 
t i S 75 s , * i "5 « « -e * 4 tm^#14^<7)^f$#75 J ^:l < ^4: bfrbVti L < 
l± 0 . 0 1 ju mtt±, $<b^S 1 iL<l±0. 0 S^mHiit^o 
[ 0 0 6 1 ] 

C u tStSOtf SliC u-^^St^JSffl^-^'rXtOKI^T-^f? 9 4ieHtctlJPIl±£,£ 
75*, 0. 2fH/^m 3 L<, § f> »:» 4 L < li 1 . 01B///m 3 

B. ± T* * ») , 5 . 0 11 / fjL m 3 tX ± t 1" ft ti ' * ® JS f t <?> & T * Kf H * » t 4 4 0 - ft 

[0062] 30 

iO&*»*-fXi:»«*«)«fpii, K»acfti:ajK#tt«i**pra:i-A«jft*»^*llHc 
lUf^S. f wiftii, - ft <b 75* 3fe ft is «t V M # 14 ic ft -r ft V 1" 4 o ^ & c, -f , 
Cfte,^^ft$-*7t:t #05SgEifeliaBi$C#tta i fEfk-r*^ttJi t #44fc*-e*4o 

*> *» , 9ft j£ ± # a * & m < , $z & 14 ^ ft % m <r> & t& u to m 1- z & w a* * «& 0 - ^ £ 
ia«4tiri«cifit4 - i: a* * a& -e * *) , ^o^si±anro^ff-e*ftif-^<7)#f 

ffi!i;ff^«i:|WI«lc, l^itiS, 1& il -C * 4 (2 t* # ^ ffl * -f X l± {R ffl t5- o S5 ^ K t 4 <9 , «B# 
W ft u «t 19 -9- W X li jfi f t i" 4 o 
[ 0 0 6 3 ] 

t tz , * % 9J T* l± ^ JSE ft O ± m 4 ¥ S t L T IS B B H ffi o ft ffl ft * fU ffl L % ^ * , |g B B H 40 

«:g(±«a^4ftto«i.s^^*a4«Biu«ft7) f pr«t-e*4o *s»gE'ffct=«F-^i-&c 
ici 19 ft)j «i t5* pi «g t- * 4 tz *> is B B a fi m it z <r> m *& a w «r <o . « x if w m ji % m <t> « is ai 

0 0 - 1 1 0 Otil T- 2 0#--5*lS«i?iilli:J; 19 3 0-3 0 O^mKMflPSft* 

0 ?M:ffU<« 8 0 - 2 0 0 /<mT*5o 
[ 0 0 6 4 ] 

1 is «fc i>* is 2 1± m as* m. o v» r m 9t , as k *j i v « $c # i± o « ^r. ib * ig w o # » * ^ 

LttOT*4, 01 \z 7fi -t <t n iz m Hr , mmP«(±±t US i * * S J: o a % # 14 50 
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«r m <0 » It X y & o «4RJ|*ttO«|jft*»^{iS i 14 # # CO « * JK fit £ If ± £ * ft A * 1& K f 

& <6 tc $ m#fi~± £ zmmteitifezm-t z tztbft s \ x t> & a Wl y u - k 

tt-li*SiS(4'oti>J 0 L L , 3 % £ jg x. * S i fi , tfcliS i, A 1 , M n ft 

twaits**^fc*r t 6 % * is x. & j; o u ft £ t m nk 14 m m ic * f t -r * * , mmt 
(DWk&iim-? nmfcnskmrfmm t ft & 0 

1 0 0 6 5 ] 

f±m* \B\M-f *> t L T ft. «f » H -C jg » 3ffi <0 » t>» «b it « , *BI*»&^ri*<)#*$it 
T ^ 4 * s , ^ * h & tt CO jft X * fli jk tc 14 ®. # jj« * h o :ofc*3%S iiSSJ-UOS 

3A «■ «4 n b ft f o is sp u # o « a it m * ± t -r 4 #f m & a t V s \& m. m « <> -a- *> tz m & 

(4 IS % *Sf 14 , # C ft ffl CO jS * «b 14 i L v» CO T 14 ft < , 0 2 CO 4 o tC ft fi 00 * $S ft ± 
#14® It «b *lftv> 0 
[ 0 0 6 6 ] 

#^^(4, e^?i6wajsiitiiii44^jRffi*a«rtt;«-»$-»i:4c:t-cKaK^*ia44 

CO -C h 2> o C co £ m ffi 14 ft £ S t (4 & £ t- ffll tip pT flg t? * & tz *> , f vHxiilfg^l 

^«^ec-2.a#7 5 or^L±oiajsi*i:(i**&, 4 & m. m x *> * 6 0 otsstf 

2 co 4 d £ m £C # 14 * * Uli t' '46 f k $ -£ -f l= ?S 9fe * ft 7> s ?T ft i: ft 4 . 
[ 0 0 6 7 ] 

i tz, 11 i:^tiTi:f:S iii:*fi**I)fltSC tf, fi&*fMiO«8JtC?F*OS!v» 20 
W^^W-2>-i:^nTHttft4o Cix(4ii#1iffl$it4Si, A 1 , M n iirwftf OHS 

?4 fk 7c m ^ , m co is m m m m m * 1& r $ * ft f co ^ * , # ?g m m x <d m * * * co « t a* 
jg tt <b n ft co *t l , * ft i»t & a « fk co tz *> \z m m -t z> c u # « « 14 is « m ^ a? s co 

16 T ^ co jft £ # # (C /Jx $ w> d t tc 4 4 t a f ix Z> o S , C u ^ JS ffi 14 ft ft fk % ft tr «0 
Wm^irit8cL.?iggM<7)|^»i: & 19 < ^ z t Htlfeiii, - ^ 14 # U 1& ^ t% X 
<0SI^:#14[fi]±lc*«lT-*>4o 
[ 0 0 6 8 ] 

ft4j> ##&9§ <o3& *i4a # < mmm. <r> mm c $ ixx^ & mm &m xvmmiz 

4 h -f , $ <blc«itIfIU(4 4 <bft^^<6*^[fi]14i ^(4^[fiJl4om^«i«[l-®fflT# * 

30 

[ 0 0 6 9 ] 

ffl&*>#UP.&5E£;ix£k<7)-CI4ft< , flitligifffffl^fjii^^-^-on-^ 

- m M <r> m , iftjstiSAJRFttTi'^ft^fLi^roffljfei-affl^ixao 

[ 0 0 7 0 ] 
[ * Sfe ] 

(**« 1 ) 

Si tC)jK55-^^i-«^2 5 0 mmS«^7ri L ttT O IS i S*fl?) 4 t W i L« AS « «: 
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